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Abstract

Objective 1

Electroactive polymers (EAPs) are soft, flexible materials
that can generate an electrical response to a stimulus and
can be used for a variety of sensing applications, including
wearable biosensing. The objective of this project is to
investigate the feasibility of using EAP sensors for
wearable posture sensing. Proper back posture is
essential for everyday tasks since improper back posture
can lead to back pain and ultimately, long term back
problems. An existing EAP strain sensor was used that
generates a capacitive response due to changes in
strain. The basic concept is that the sensor will stretch
and generate a higher capacitance in response to back
flexion. The study involves characterization of an existing
stain sensor under conditions that mimic daily use
scenarios to evaluate its feasibility as a wearable sensor.
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Experimental results showing generated
capacitance. A strain-capacitance linear relationship
was calculated from marked positions on the
apparatus to get a repeatable strain-capacitance
relationship with increasing and decreasing strain.

Methods
Objective 1
•

Objective 2

Created a custom apparatus to quantify the
relationship between strain and capacitance.
An Arduino microcontroller was used, in
conjunction with a worm gearbox and drum,
to apply strain to the Stretch Sensor.

To assess any potential viscoelastic effects,
such as stress relaxation, under sustained
loading conditions.
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Capacitance measurements obtained at multiple flexion
angles with (left) and without (right) pre-straining of the
sensor. Pre-straining the sensor reduces noise in the
signal and improves the repeatability and stability of the
capacitance measurements.
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To quantify changes in capacitance due to
compression of the sensor.
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Objective 2
•

Wearable Concept

Results

Stretch Sense™ Electroactive Polymer Sensor (top). Side view
of the sensor depicting a dielectric core sandwiched between
two carbon electrodes (bottom).

To determine the fundamental linear
relationship between strain and capacitance
generated by the EAP sensor.

To relate changes in capacitance to changes
in flexion angle to simulate back flexion.

Results

Fixed the ends of the sensor and applied
sustained loading conditions.

Objective 3

Objective 3
•

Capacitance measurements under sustained loading
conditions. At low levels of strain (e.g. 4,5) the
capacitance increases slightly over time. At higher
levels of strain (e.g. 7), the capacitance remains
constant over time. Slight differences were observed
in the maximum capacitance value obtained for a
particular strain level (1 vs. 8 and 9) suggesting a
viscoelastic effect may be present in the polymer.

•

EAP sensors provide repeatable,
measurable signals that could be used for
posture sensing.

•

Stress-relaxation must be considered in
future studies.

•

Noise due to compression of the sensor
must be considered when integrating the
sensor into a wearable garment. Pre-strain
may reduce noise.

Applied a series of weights (up to 25 lbs) to
compress the sensor.

Objective 4
•
Wearable Garment
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Conclusions

Simulated lumbar flexion by holding a length
of sensor fixed in place then flexing the
sensor through a range of angles to strain the
remaining portion of the sensor.
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Weight (lbs)

8 Free Weights

8

Plastic Basket

.2049

Metal Weights

16.8415

Wooden Block

.393

Total weight

25.442
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Stretch Sensor

Concept depicting the stretch sensor
integrated into a wearable garment. The
sensor would be fixed at both ends. As the
lumbar region undergoes flexion, the sensor
will be strained.

Wooden block

Attachment of sensor to test set-up. The 4 cm portion of
the sensor is strained as the fixture is moved through a
range of angles (left). Top view (right).

Changes in capacitance as a function of weight
added to compress the sensor. A significant
amount of noise in the signal is observed in
comparison to results obtained in Objectives 1
and 2 without compression.

The high strain ability of EAPs and lightweight
nature make them ideal for posture sensing.
Future work should focus on integration into a
wearable device and quantification of
viscoelastic effects and noise in the sensor.
Preliminary results demonstrate the feasibility of
using EAPs for wearable posture sensing.
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